. Mg 2+ Grid Free Energy (GFE) maps from GCMC-MD (light blue mesh surfaces, at an isosurface cutoff of -3 kcal mol -1 ) superimposed on the crystal or NMR structures of the RNA molecules considered in the present work: (A) BWYV pseudoknot, (B) VS ribozyme stem-loop VI, (C) 23S rRNA, and (D) Mg 2+ riboswitch. RNA atoms are colored by element (C = gray, H = white, N = blue, O = red, P = gold), and Mg 2+ , Na + , and K + ions identified in the crystal or NMR structures are shown as green, dark blue, and magenta spheres, respectively. Red spheres in panel (C) are the locations of Os 3+ ions that were used experimentally to resolve additional hydrated Mg 2+ binding sites. Figure S2 . Mg 2+ Grid Free Energy (GFE) maps from GCMC only superimposed on the crystal or NMR structures: (A) BWYV pseudoknot, (B) VS ribozyme stem-loop VI, (C) 23S rRNA, and (D) Mg 2+ riboswitch. The cutoff for each isosurface (light blue mesh) is -3 kcal mol -1 . RNA atoms are colored by element (C = gray, H = white, N = blue, O = red, P = gold), and Mg 2+ , Na + , and K + ions identified in the crystal or NMR structures are shown as green, dark blue, and magenta spheres, respectively. Red spheres in panel (C) are the locations of Os 3+ ions that were used experimentally to resolve additional, hydrated Mg 2+ binding sites.
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Figure S3. Mg 2+ Grid Free Energy (GFE) maps from standard 100-ns MD simulations, superimposed on the crystal or NMR structures: (A) BWYV pseudoknot, (B) VS ribozyme stemloop VI, (C) 23S rRNA, and (D) Mg 2+ riboswitch. The cutoff for each isosurface (light blue mesh) is -3 kcal mol -1 . RNA atoms are colored by element (C = gray, H = white, N = blue, O = red, P = gold), and Mg 2+ , Na + , and K + ions identified in the crystal or NMR structures are shown as green, dark blue, and magenta spheres, respectively. Red spheres in panel (C) are the locations of Os 3+ ions that were used experimentally to resolve additional, hydrated Mg 2+ binding sites. Figure S4 . Radial distribution function of Mg 2+ around phosphate oxygen atoms of the BWYV pseudoknot for a representative GCMC-MD run and a conventional MD simulation of 100 ns, showing inner-and outer-shell coordination by Mg 2+ of the RNA phosphodiester backbone. The distance is calculated between the O and Mg 2+ atoms. As there were no inner-shell coordination complexes in the initial coordinates for either simulation, the result demonstrates the ability of GCMC to overcome large energy barriers that conventional MD cannot, resulting in sampling of both direct and diffuse Mg 2+ coordination. Table S1 , which were obtained using the FEP protocol described in the main text. Table S2 . OC values for Mg 2+ occupancy maps over the first and last 100 cycles of all runs, and over all cycles of runs 1-5 and 6-10. The total simulation time for each system was 1 µs, thus each OC was calculated over two equal periods of 500 ns of simulation time (100 cycles of 500 ps each or 5 runs of 100 ns each)
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